Abstract This work presents the application of expert control strategies for a successful and stable operation of partial nitrification. A high-strength ammonium wastewater was treated in a continuous pilot plant with a configuration of three reactors in series plus a settler. The system was operated at mild temperature (around 25 ºC) and at high sludge retention time to obtain a significant nitrifying biomass concentration. The implemented control system with expert supervisory rules provided a stable and robust operation of the partial nitrification system even when the pilot plant was subjected to several disturbances as change in influent concentration, failure of aeration in one reactor and operation with variable biomass concentration. The control system was based on local feedback control loops for dissolved oxygen and pH with proper setpoints for nitrite oxidizing bacteria (NOB) inhibition and an inflow control loop based on Oxygen Uptake Rate (OUR) measurements, which allowed working at the current maximum ammonium oxidation capacity. Two additional expert rules were implemented for automatically determine the required OUR setpoint in accordance with the biomass activity and to produce a fast load decrease when a system overload was detected. Keywords Partial nitrification, control, AOB, NOB, OUR
INTRODUCTION
Partial nitrification (nitritation or ammonium oxidation to nitrite) has gained a lot of interest among researchers in the last years, especially in the field of high-strength ammonium wastewater treatment. This shortcut in the biological ammonium removal process has advantages with respect to the complete nitrification (ammonium oxidation to nitrate): (1) a 40 % reduction of COD demand during denitrification; (2) 63 % higher rate of denitrification; (3) 300 % lower biomass production during anoxic growth; (4) a 25 % reduction of the oxygen demand for nitrification due to the suppression of the nitratation (oxidation of nitrite to nitrate) and (5) a 20 % reduction of the CO 2 emissions due to the denitrification from nitrite instead of nitrate (Turk and Mavinic, 1987; Peng and Zhu, 2006) . Either in continuous or batch reactors, partial nitrification is achieved provided that the growth of ammonium oxidizing bacteria (AOB) is favoured and the growth of nitrite oxidizing bacteria (NOB) is limited or inhibited. Because of the new opportunities emerging with advanced processes, a number of studies were performed to identify the optimal operational conditions to obtain partial nitrification. The key point is to favour the nitritation process and at the same time to inhibit or suppress the nitratation process. If the nitratation process is inhibited in an extent that the minimum sludge retention time (SRT) required for NOB growth is higher than the current SRT of the system, NOB will be washed out and the effluent will not contain nitrate. The main factors affecting AOB and NOB activities in a different degree and useful to achieve partial nitrification are: pH and equilibrium NH 4 + /NH 3 , temperature and dissolved oxygen (DO) concentration (Anthonisen et al, 1976; Hellinga et al, 1998; Ruiz et al, 2003) .
It is obvious that, like in all the systems which require very specific conditions, the process control appears as the best option to achieve successful results. There are not too many studies applying real-time-control strategies in partial nitrification systems. Some theoretical studies have found optimal conditions for achieving partial nitrification in the SHARON process (Volcke et al, 2007) and in biofilm reactors (Pérez et al., 2009) . Nevertheless, only the basic environmental parameters like pH, T and DO are usually controlled around the optimal values by using simple and independent control loops (Ciudad et al, 2005; Mace et al, 2006; Chuang et al, 2007) but no extra control is supplied to prevent biomass acclimation, to act in front of external disturbances and to -Partial nitrification start-up from complete nitrification must be done by changing the environmental conditions to such that nitritation and nitratation rates became as much different as possible. The automatic control system, based on OUR measurement in R3 and acting over NLR v , was needed to permanently maintain the stressing conditions over NOB. OUR sp should be changed periodically because it depends on AOB and NOB activities which change with time.
-Using the automatic inflow controller with DO of 1.3 mg O 2 L -1 and pH of 8.3, partial nitrification was obtained at a temperature of 25 ºC. Final TNN/NOx was 1, TAN removal was 100 %, VSS were 1400 mg L -1 and NLR s was 0.5 mg N mg -1 VSS d -1 . -Two expert rules for the maintenance of the partial nitrification were designed and implemented with satisfactory results. The first one consisted of OUR sp changes in accordance with maximum AOB activity measured as OUR in the first two reactors of the system. The second rule suddenly decreases NLR v when detecting too high activity in R3. It was designed to deal with big external disturbances such as large oscillations of the inflow concentration. This was required since it was proved that the PI automatic inflow controller alone could not cope with them.
